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Summary Infective endocarditis is a dynamic disease with changing epidemiology and diag-
nostic strategies. Culture negative endocarditis poses a particular problem for clinicians
regarding appropriate antimicrobial therapy and adequate duration of therapy. Utilization of
nucleic acid ampliﬁcation techniques and subsequent sequencing has provided clinicians an
alternative to traditional phenotypic microbial identiﬁcation which has been extremely use-gonorrhoeae;
16S DNA
ful in identiﬁcation of fastidious organisms. We report a case of a young male with culture
negative native mitral valve endocarditis and subsequent 16S rDNA sequencing of Neisseria
gonorrhoeae from excised valvular tissue and embolic material. Identiﬁcation of this organism
with novel nucleic acid ampliﬁcation and 16S rDNA sequence analysis techniques permitted
targeted antibiotic therapy and successful treatment of this potentially fatal disease.
f Car
h© 2011 Japanese College o
ntroductionnfective endocarditis is a disease that is forever evolving
ith frequent changes in microbiological proﬁle and clini-
al scenario. Along with this change in disease epidemiology
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ave been advances in diagnosis and therapy. We report
he case here of a young man with culture negative native
itral valve endocarditis with subsequent microbiological
dentiﬁcation by 16S rDNA sequencing allowing targeted
ntimicrobial therapy.ase report
26-year-old male, without any signiﬁcant medical history,
resented to the emergency department with respiratory
Published by Elsevier Ltd. All rights reserved.
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endocarditis with positive blood cultures; infective endo-Figure 1 Chest X-ray at admission.
distress. He had a suffered a productive cough over the pre-
vious 6 weeks, with progressive dyspnea and orthopnea for
the last 10 days. On the day of admission he had an episode
of chest tightness and haemoptysis. He had not undergone
any recent dental procedures and had not received antimi-
crobial therapy prior to presentation.
On examination he was distressed with respiratory acces-
sory muscle use and unable to lay ﬂat. His temperature
was 39.6 ◦C, heart rate 120/min, respiratory rate 30/min,
blood pressure 130/79mmHg with an oxygen saturation of
82% on room air. His jugular venous pressure was elevated
by 3 cm. There were no audible murmurs but a third heart
sound was present. Coarse crackles were present bilaterally
throughout hypoventilated lung ﬁelds.
Investigations revealed a haemoglobin of 8.8 g/dL
(88 g/L), a white cell count of 16.4× 103/L (16.4× 109/L),
predominantly a neutrophilia (neutrophil count
14.17× 103/L (14.17× 109/L)). Platelet count was
320× 103/L (320× 109/L). Liver function tests (transam-
inases) were mildly elevated. Arterial blood gas analysis
revealed an acute respiratory alkalosis (pH 7.51, pO2
57mmHg, pCO2 27mmHg, HCO3 21mEq/L (21mmol/L)).
The erythrocyte sedimentation rate was >100mm/h and
C-reactive protein was 16.9mg/dL (169mg/L). Six sets of
blood cultures were collected and incubated for a minimum
of 5 days in the Bac-T alert blood culture system. Mid-
stream urine collection revealed >500× 106/L leukocytes
and >500× 106/L red blood cells. Human immunodeﬁciency
virus testing was negative. There was no bacterial growth
after 24 h of urine culture. All blood cultures remained
negative throughout admission.
Chest X-ray revealed a spontaneous pneumothorax, bilat-
eral pulmonary inﬁltrates and ﬂuid in the horizontal ﬁssure
(Fig. 1). An intercostal catheter was placed in the hemitho-
rax — air and hemoserous ﬂuid was aspirated. A diagnosis of
community-acquired pneumonia was made and intravenous
benzylpenicillin (1200mg QID), gentamicin (5mg/kg daily
then dosed on 12 h plasma concentration according to the
Begg Nomogram), and azithromycin (500mg OD) were com-
menced after blood cultures were taken.
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Over the following 24 h he developed progressive hemo-
ynamic decline necessitating intubation, ventilation, and
ransfer to the intensive care unit. Antibiotic therapy was
hanged to vancomycin (1000mg BD), gentamicin, and cef-
riaxone (2000mg BD), and dobutamine commenced for
lood pressure support.
Thirty-six hours after admission transthoracic echocar-
iography demonstrated a 1.7 cm vegetation attached to the
osterior leaﬂet of the mitral valve and severe mitral regur-
itation (Fig. 2). Initial urgent attempts to repair his mitral
alve were unsuccessful and it was subsequently replaced
ith a 29mm Perimount bioprothetic valve. Mitral valve
issue histology demonstrated features of bacterial endo-
arditis but no organisms were identiﬁed on Gram stain and
issue culture was negative.
He was extubated and returned to the ward, contin-
ing on the same antimicrobial regimen, but continued
o have intermittent low grade fevers. On the 14th post-
perative day he developed acute back pain. Abdominal
omputed tomography imaging revealed a 3.5 cm mycotic
neurysm of the superior mesenteric artery (SMA). Trans-
sophageal echocardiography demonstrated normal native
nd prosthetic valvular function and no vegetations. The
MA aneurysm was surgically ligated and tissue sent for his-
ology and microbiology.
As cultures of blood, valvular, and aneurysm tissue
ere negative, molecular testing of the mitral valve and
ycotic aneurysm tissue by amplifying the 16S rRNA gene
as carried out using 4 primer pairs (fD1 mod/16S1RR-B,
3F/16S1RR-B, 8F2/806R, and 515F/13R) [1]. The resulting
olymerase chain reaction (PCR) products were sequenced
nd the sequence data submitted for comparison to data
eld in the GenBank NR sequence database using the Basic
ocal Alignment Search Tool (BLASTN) algorithm [2]. The
equences obtained from the PCR products demonstrated
9% homology with 16S rRNA gene sequences from Neisseria
onorrhoeae.
The patient continued intravenous ceftriaxone (2000mg
aily) for a further 4 weeks to complete a total of 7 weeks
f antimicrobial therapy. Further inquiry revealed that the
atient had unprotected sexual intercourse with a female 5
onths prior to his acute presentation. At 2 years he remains
ell and has suffered no further complications.
iscussion
nfective endocarditis remains a signiﬁcant medical issue
ue mainly to its associated mortality and economic burden.
nfective endocarditis is usually diagnosed by a combina-
ion of clinical, microbiological, and histological features
ccording to the Duke Criteria [3].
New guidelines for the prevention, diagnosis, and treat-
ent of infective endocarditis have recently been released
4]. These guidelines recommend classiﬁcation on the
asis of microbiological ﬁndings in addition to the clini-
al scenario. Four categories have been proposed: Infectivearditis with negative blood cultures because of previous
ntibiotics; infective endocarditis with frequently negative
lood cultures; and infective endocarditis with constantly
egative blood cultures [4]. The last three groups would pre-
e84 S.J. Butterly et al.
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aigure 2 Transthoracic echocardiogram: apical 4-chamber vie
eaﬂet.
iously have been considered culture-negative-endocarditis
nd a positive diagnosis usually requires serological testing
r gene ampliﬁcation. Paradoxically, improved antimicrobial
egimens may have increased diagnostic failure as micro-
rganisms present on excised tissue are non-viable [5].
The PCR is a molecular biology technique utilized to
mplify small quantities of DNA exponentially. The method
ses primers (complimentary DNA fragments; in this case
argeting part of the 16S rRNA gene), heat stable DNA poly-
erase, and repeat thermal cycling to allow melting and
eplication of the DNA fragments of interest.
PCR allows rapid and reliable detection of fastidious
nd non-culturable agents in patients with infective endo-
arditis [6] and has been validated using valve tissue from
atients undergoing surgery for infective endocarditis [6].
n particular, identiﬁcation of microorganisms by 16S rRNA
ene sequencing has emerged as a more objective, accu-
ate, and reliable method of bacterial identiﬁcation when
ompared to phenotypic identiﬁcation methods (Gram stain
esults, colony morphology, growth requirements, and enzy-
atic/metabolic activity) [4]. The sensitivity and speciﬁcity
f PCR has been reported to be up to 72% and 100%
espectively while tissue culture has sensitivity of 23% and
peciﬁcity of 62% [7]. Valvular tissue PCR has been shown to
rovide a positive result when tissue culture remains neg-
tive and its sensitivity is independent of the duration of
re-surgery antibiotic therapy [7].
The lack of reliable application to whole blood samples
surgical specimens are better), risk of sample contamina-
ion, risk of contamination with endogenous reagent derived
acterial DNA, and false negatives due to inhibitors are lim-
tations of 16S rDNA PCR. Laboratory sequence database
omprehensiveness and intra- or inter- species variation also
mpacts on PCR utility [7]. Fungal endocarditis is not iden-
g
g
tmonstrating vegetation attached to the posterior mitral valve
iﬁed from 16S rRNA gene sequencing and PCR is unable to
rovide antibiotic sensitivities of the identiﬁed organism.
ome studies report persistently positive PCR results months
fter eradication of the infection potentially confounding
he diagnosis [8]. It is recommended that PCR of excised
alve tissue or embolic material be performed in patients
ith negative blood cultures who undergo valve surgery or
mbolectomy [4].
Gonococcal endocarditis was relatively common in the
re-antibiotic era with 11—26% of cases being due to N.
onorrhoeae [9]. Disseminated infection occurs in 1—3% of
ll gonococcal infections and endocarditis is a complica-
ion in 1—2% of these patients [9]. Mortality of up to 19%
ccurs despite appropriate medical and surgical treatment
9]. The diagnosis is usually established by successful cul-
ure of Neiserria gonorrhoeae from peripheral blood or from
urgically sampled valvular tissue [9] however, these tests
ay remain negative for some time or positive results may
ever be achieved due to pre-treatment with antibiotics.
urrent Australian empirical antibiotic treatment for infec-
ive endocarditis (after three sets of blood cultures) includes
enzylpenicillin, ﬂuxcloxacillin, and gentamicin and does
ot provide adequate cover for the increasing frequency
f penicillin-resistant gonococcal organisms encountered in
linical practice [10]. Delays to adequate treatment can
ave signiﬁcant consequences including death.
Recently, N. gonorrhoeae endocarditis conﬁrmed by
ucleic acid ampliﬁcation performed on aortic valve tissue
as been reported [6]. The authors propose that nucleic acid
mpliﬁcation assays provide a rapid method of diagnosing N.
onorrhoeae endocarditis or other suspected disseminated
onococcal disease.
In this case, culture of blood and valvular tissue failed
o yield a positive result, however, PCR of excised tissue
[Culture negative mitral valve endocarditis
was able to establish the organism involved. The patient’s
antibiotic regimen was adjusted prior to the organism identi-
ﬁcation and fortuitously included cover for N. gonorrhoeae,
thus he received targeted antibiotic therapy early in his hos-
pital admission. Had he continued on empirical antibiotics
as recommended by Australian guidelines [10], adequate
therapy would not have been initiated until the PCR results
were available. PCR of valvular and mycotic aneurysm tissue
with subsequent organism identiﬁcation allowed for conﬁ-
dent duration of antibiotic therapy to be established in this
patient.
In the case of organisms resistant to empiric antibiotic
therapy, early identiﬁcation is imperative to avoid adverse
outcomes for the patient. Early PCR conﬁrmation of gono-
coccal endocarditis from excised valvular tissue can provide
support for targeted treatment in this aggressive, poten-
tially fatal disease.
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